Oral administration of insulin without loss of its biological activity has been attempted in several laboratories: oral administration of negatively charged insulin liposomes was effective in streptozotocininduced diabetic rats, but not in normal animals (Patel and Ryman, 1976, 1977) ; intragastric administration of neutral insulin liposomes significantly decreased the blood glucose in normal and diabetic rats Gregoriadis, 1976, 1977) ; oral administration of water-in-oil-in-water type emulsions of insulin was also examined (Shichiri et al., 1974 (Shichiri et al., , 1976 . We have been using liposomes as a model of thyroid hormone secretion (Kawada et al., 1974 (Kawada et al., , 1975 (Kawada et al., , 1976 . The present paper reports the trapping of insulin in various kinds of liposomes. Finding that insulin was trapped most efficiently in positively charged liposomes and that this type of liposomes was considerably stable, we then studied the effects of oral administration of positively charged insulin liposomes on alloxan-induced diabetic rats.
Materials and Methods
Preparation of insulin liposomes Egg yolk lecithin was obtained by the method of Pangborn (1951) . Charged amphiphile used were Triton X-100caused almost the complete release of insulin from the liposomes. Moreover, the liposomes were highly sensitive to bile (Fig.2) , 2-fold, and4-fold dilutions of bile resulting in almost100% release of labeled insulin from the liposomes, although16-fold dilution of bile resulted in only24% release.
Effect of oral administration of insulin liposomes 1) Effect of liposomal insulin on rats with acute diabetes Insulin liposomes were given to rats after alloxan injection. At this time the rats had been starved for17hr.
As shown in Fig.3 , the blood sugar level of individual rats varied at28hr after alloxan administration.
In 4 rats the level increased thereafter for8hr at least. In the same8 hr period, the remaining4rats showed almost constant level of blood glucose or slight decrease (less than10%). Similar patterns of change in blood sugar were obtained in another experiment using10rats. Therefore, according to our experimental conditions, from28hr to36hr at least after alloxan administration no significant reduction of blood glucose was observed on starved rats.
On the basis of these control experiments, the change in blood glucose levels was examined after oral administration of insulin liposome or0.1M phosphate buffer. The results are shown in Fig.4 (effective cases) and Fig.5 (non-effective cases) below the initial level within 4hr. In two cases (No.4and5), the observation was continued for more than4 hr. The blood sugar reducing effect persisted for8to21hr.
Liposomal insulin also seemed to be effective in cases No.6and 7, as explained later. The cases in which liposomes were not effective (4of11rats) are shown in Fig.5. 2) Effect of insulin liposomes on glucose tolerance in rats with chronic alloxan diabetes The effect of liposomal insulin was also examined by the glucose tolerance test on alloxan diabetic rats that had shown hyperglycemia for3to6 months. The results are shown in Fig.6 . In6of12cases (i and ii in a and b, ii in c, andiiin d) increased glucose tolerance was observed after oral administration of insulin liposomes. One rat (ii in b) died owing to the extremely low level of blood glucose. they were probably too big to be absorbed unchanged from the intestine. Recently, Patel and Ryman (1977) gave no evidence to support the fact that liposomes appeared in the serum after their oral administration. The optimal feeding condition for administration of insulin liposomes requires examination.
In the experiment reported by Dapergolas and Gregoriadis (1979) , liposomes were administered to fed rats. In our experiment starved animals were used. As shown in Fig.3 , the blood sugar level was variable at the time liposomes were given, probably owing to this starvation.
